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DQG WKHUPRJHQHUDWRUV > @9DULRXV SUREOHPVRI)*0KDYH DWWUDFWHG FRQVLGHUDEOH DWWHQWLRQ LQ UHFHQW \HDUV ,Q
SDUWLFXODUWKHWKHUPRPHFKDQLFDOEHKDYLRURIWKH)*0VWUXFWXUHVVXFKDVWKHKROORZF\OLQGHUV>@URWDWLQJGLVNV
>@F\OLQGULFDOYHVVHO>@DQGVSKHULFDOYHVVHO>@KDVDOVREHHQZLGHO\LQYHVWLJDWHGE\PDQ\UHVHDUFKHUV







ZRUNV KDYH EHHQ UHSRUWHG IRU )*0 VWUXFWXUHV LQ RSHQ OLWHUDWXUHV )RU H[DPSOH HDUOLHU ZRUN RQ WKH KRRS VWUHVV
IRUPXODWLRQ>@FDQEHLPSURYHGDVLWXQGHUHVWLPDWHVWKHD[LDOVWUHVVGXHWRLJQRULQJWKHFORVHGHQGVZKLFKZDVDOVR
PHQWLRQHG LQ WKH DSSHQGL[& LQ WKH OLWHUDWXUH > @0RUH HIIRUWV VKRXOG WKHUHIRUH EH GHYRWHG WR ILQG DQRWKHU
PHDQVWRYHULI\UHODWHGWKHRUHWLFDOVROXWLRQVVXFKDVWKHQXPHULFDOPHWKRGXVLQJ)(WKHRU\>@
0HDQZKLOH )*0 PDNHV VDJDFLRXVO\ WDLORULQJ RI PDWHULDO FRPSRVLWLRQ SRVVLEOH VR DV WR REWDLQ WKH RSWLPDO
EHQHILWV1D DQG.LP >@ LQYHVWLJDWHG WKH YROXPH IUDFWLRQRSWLPL]DWLRQ RI )*0V FRQVLGHULQJ VWUHVV DQG FULWLFDO
WHPSHUDWXUH9HODQG3HOOHWLHU>@SUHVHQWHGDPHWKRGIRUWKHPXOWLREMHFWLYHRSWLPL]DWLRQRIPDWHULDOGLVWULEXWLRQ
RI)*0F\OLQGULFDOVKHOOVIRUWKHVWHDG\WKHUPRPHFKDQLFDOSURFHVV2RWDRHWDO>@HYHUDSSOLHGDQHXUDOPHWKRG
WR VROYH DQ RSWLPL]DWLRQ SUREOHP RI PDWHULDO FRPSRVLWLRQV IRU D IXQFWLRQDOO\ JUDGHG KROORZ FLUFXODU F\OLQGHU
7KHUHIRUH RSWLPL]DWLRQ RI WKH PDWHULDO GLVWULEXWLRQ LV D FULWLFDO VWHS LQ WKH GHVLJQ RI )*0 VWUXFWXUH +RZHYHU
OLPLWHGZRUNVKDYHEHHQFDUULHGRXWRQKRZWRREWDLQWKHRSWLPDOPDWHULDOGLVWULEXWLRQRIDQ)*0SUHVVXUHYHVVHO
7KH PDLQ REMHFWLYHV LQ WKLV ZRUN DUH WR LQYHVWLJDWH WKH FORVHGIRUP DQDO\WLFDO VROXWLRQV RI WKH WKHUPDO
PHFKDQLFDO VWUHVVHV IRU WKH )*0 SUHVVXUH YHVVHO FRQVLGHULQJ LWV LQIOXHQFH RI FORVHG HQGV DQG WR FRQVWUXFW D
QXPHULFDO PRGHO XVLQJ )(PHWKRG WR YHULI\ WKH DQDO\WLFDO VROXWLRQV DQG WR GHYHORS DQ RSWLPL]DWLRQ PRGHO IRU
GHWHUPLQLQJ WKH RSWLPDOPDWHULDO GLVWULEXWLRQRI )*0SUHVVXUH YHVVHO7KHZKROHZRUNZLOO EH KHOSIXO IRU EHWWHU
XQGHUVWDQGLQJDQGVFLHQWLILFGHVLJQRI)*0SUHVVXUHYHVVHORUUHODWHGVWUXFWXUHVLQWKHIXWXUH
'HULYDWLRQRIFORVHGIRUPDQDO\WLFDOVROXWLRQV
2.1. Construction of an exponentially function determining the material properties 
7KHYDULDWLRQRIPDWHULDOSURSHUWLHV LQDQ)*0LVXVXDOO\REWDLQHGE\DGMXVWLQJWKHYROXPHIUDFWLRQVRI WZRRU
PRUHFRPSDWLEOHFRQVWLWXHQWVDQGYDULDWLRQVLQWKHPDWHULDOSURSHUWLHVVXFKDV<RXQJ¶VPRGXOXVDQG3RLVVRQ¶VUDWLR
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2.2. Steady-state heat conduction equation 
*HQHUDOO\WKHWHPSHUDWXUHYDULDWLRQWKURXJKWKHWKLFNQHVVRI)*0SUHVVXUHYHVVHOLVVOLJKW>@+HQFHWKH
KHDWFRQGXFWLRQPRGHOFDQEHH[SUHVVHGE\WKHVWHDG\VWDWHHTXDWLRQDVEHORZ
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3.1. FE modeling 
)RUYHULI\LQJDERYHPHQWLRQHGDQDO\WLFDOVROXWLRQVDWKHUPRPHFKDQLFDOFRXSOLQJ)(PRGHORIDQ)*0YHVVHO
FRQVLVWLQJRIDKROORZF\OLQGULFDOERG\DQGWZRKHPLVSKHULFDOFORVHGHQGVZDVFRQVWUXFWHGDVVKRZQLQ)LJ
)LJXUH  D VKRZV WKH KHWHURJHQHRXV FURVVVHFWLRQ RI WKH )*0 KROORZ F\OLQGHU Ri  PP Ro  PP
KHLJKW PPLQZKLFKWKH<RXQJ¶VPRGXOXVFKDQJHVIURPWKHLQVLGHVXUIDFHWRWKHRXWVLGHVXUIDFH6LQFHWKHUH
LV QR DXWKRUL]HG HOHPHQW LQ DOO H[LVWLQJ )( FRGHV WR VLPXODWH WKH PHFKDQLFDO EHKDYLRU RI )*0 VWHSZLVH
FRPSRVLWLRQEDVHG )( PRGHO KDV EHHQ JHQHUDOO\ XVHG E\ VRPH VFKRODUV > @ 6LPLODUO\ LQ WKLV ZRUN D





$QG WKHQ WKHVROLGPRGHO LQ)LJEZDVFRQYHUWHG LQWRDQ)(PRGHODVVKRZQ LQ)LJF&RQVLGHULQJ WKH
D[LVV\PPHWU\RIWKHJHRPHWULFDOVWUXFWXUHDQGORDGVDVZHOODVERXQGDU\FRQGLWLRQVDTXDUWHURIWKH)*0VWUXFWXUH
ZDV HVWDEOLVKHG ZLWK WKH D[LV\PPHWULFDO QRGH WKHUPDO HOHPHQW 3ODQH DQG WKH QRGH VWUXFWXUDO HOHPHQW
3ODQHXVLQJ WKH)(FRGH$16<67KHV\PPHWU\ERXQGDU\FRQGLWLRQZDVDSSOLHGDW WKHERWWRPRI WKHPRGHO
$QG WHQ DUHDVZHUHPHVKHG LQWR  HOHPHQWV DQGQRGHV DV VKRZQ LQ)LJ F7KH LQWHUQDO SUHVVXUH LV
03D7KHWHPSHUDWXUHRIWKHLQQHUVXUIDFHZDV&DQGWKHWHPSHUDWXUHRIWKHRXWHUVXUIDFHZDV&7ZR
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SULPDU\PDWHULDOVDUH$O2IRUFHUDPLFDQGVWDLQOHVVVWHHOIRUPHWDOUHVSHFWLYHO\DQGEo *3DȞ DQGLWV











3.2. Results and discussion 
7KHUDGLDOVWUHVVHVKRRSVWUHVVHVDQGD[LDOVWUHVVHVGHWHUPLQHGE\WKHDQDO\WLFDOVROXWLRQDQGWKH)(PHWKRGDUH
























x rG   
)RUDKHPLVSKHULFDOHQG(TLVPRGLILHGDV




x PP DQGș ZKLFK LQGLFDWHV WKDW WKH HIIHFWLYH ]RQH RI WKH HGJH VWUHVV REWDLQHG E\ WKH )(PHWKRG
NHHSV JRRG DJUHHPHQW ZLWK WKH HPSLULFDO HTXDWLRQV %HVLGHV LW DOVR LQGLFDWHV WKDW WKH LQIOXHQFH RI VWUXFWXUH
GLVFRQWLQXLW\LQD)*0SUHVVXUHYHVVHOFDQDOVREHQHJOHFWHGEHFDXVHWKHVFRSHRIWKHHGJHVWUHVVLVOLPLWHGZLWK
REYLRXV DWWHQXDWLQJ WUHQG 7KHUHIRUH WKH SULQFLSOH VWUHVV RI WKH DUHD IDU DZD\ IURP WKH FRQQHFWLRQ LV D PDMRU
FRQVLGHUDWLRQIRUWKH)*0SUHVVXUHYHVVHOGHVLJQ
2SWLPL]DWLRQPRGHOLQJIRUVHHNLQJWKHRSWLPDOJUDGHGIDFWRU
4.1. Construction of optimization objective function 
7KHPD[LPDOVWUHVVLVJHQHUDOO\XVHGDVWKHGHVLJQFRQGLWLRQDFFRUGLQJWRWKHH[LVWLQJSUHVVXUHYHVVHOGHVLJQFRGH
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ZKHUHnGHQRWHVWKHQXPEHURIOD\HUVLQWKH$%SDWKLQ)LJFV LVWKHDYHUDJHVWUHVVLQWKH$%SDWK  e iV LV
WKHYRQ0LVHVVWUHVVLQWKH thn OD\HUDQGK LVWKHDYHUDJHYDULDQFH > @V LVWKHDOORZDEOHVWUHVVRIWKH)*0SUHVVXUH
YHVVHO PD[ eV LV WKHPD[LPDO YRQ0LVHV Ĳ LV D FRQVWDQW JLYHQ DFFRUGLQJ WR WKHPD[LPDO YDOXH RI ȕ DQG İ LV
DQRWKHUFRQVWDQWJLYHQDFFRUGLQJWRWKHPD[LPDOYDOXHRIĳ1RWHVWKDWWKHWKHUPDOJUDGHIDFWRUȖ ZDVQRWRSWLPL]HG
384   Z.W. Wang et al. /  Procedia Engineering  130 ( 2015 )  374 – 389 
IRUUHGXFLQJWKHFDOFXODWLRQVFDOH7KHFRPSXWDWLRQLVUHLWHUDWHGXQWLOWKHPDJQLWXGHRIȘRIWKHREMHFWLYHIXQFWLRQLV
PLQLPL]HG
4.2. Optimization results and discussion 
7KHRSWLPL]DWLRQPRGHOZDVSHUIRUPHGEDVHGRQDERYHPHQWLRQHG)(PRGHODQGGRXEOHGHVLJQYDULDEOHVȕ DQG
ĳRSWLPL]DWLRQSURFHGXUHZDVGHYHORSHG LQ WKLVZRUNE\FRPSLOLQJD VXESURJUDPXVLQJ WKH$16<6SDUDPHWULF
GHVLJQODQJXDJH$3'/7KHVROXWLRQLVDFKLHYHGZKHQWKHDYHUDJHYDULDQFHȘRIWKHREMHFWLYHIXQFWLRQEHFRPHV
WKH VPDOOHVW$V WKHUH DUH WZR XQNQRZQSDUDPHWHUV ȕ DQGĳ QHHG WR EH RSWLPL]HG WKH ]HURRUGHU RSWLPL]DWLRQ
PHWKRGKDVEHHQDGRSWHGLQRUGHUWRREWDLQWKHDFFXUDWHVROXWLRQ,WVKRXOGEHQRWHGWKDWWKHRSWLPL]DWLRQDOJRULWKP
LV IHDVLEOH DW ILQGLQJ WKH ORFDO RSWLPL]DWLRQ VROXWLRQ ZLWKLQ D VSHFLILHG WROHUDQFH )RU WKLV UHDVRQ PXOWLVWHS
RSWLPL]DWLRQZDV FDUULHG RXW E\ DGMXVWLQJ WKH RSWLPL]DWLRQ UDQJH ,Q WKLVZRUNn  >ı@  03D7KH GHVLJQ
YDULDEOHVĲDQGİZHUHERWKJLYHQDVDWWKHLQLWLDORSWLPL]DWLRQDQGPXOWLDGMXVWHGLQWRDUHDVRQDEOHORFDOVXE
UDQJH
7DEOH  VKRZV WKH RSWLPL]DWLRQ FRPSXWDWLRQDO UHVXOWV WKH RSWLPDO JUDGHG IDFWRU LV ȕ  DQG ĳ 
WKURXJKWKHUHSHDWHGLWHUDWLYHLQZKLFKWKHDYHUDJHYDULDQFHRIWKHYRQ0LVHVVWUHVVDUULYHVDWWKHVPDOOHVW
7DEOH,WHUDWLYHSURFHVVRIWKHJUDGHGIDFWRU
Q      
_ȕ_      
_ĳ_      
V      




0LVHV VWUHVVEHFRPHVPRUHXQLIRUPDORQJ WKH$%SDWKZKLFK LOOXVWUDWHV WKDW WKHEHDUORDGLQJFDSDFLW\ZRXOGEH
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&RQFOXVLRQV









7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD  DQG WKH
)XQGDPHQWDO5HVHDUFK)XQGVIRUWKH&HQWUDO8QLYHUVLWLHV'87/.IRUWKHLUVXSSRUWRIWKLVZRUN
$SSHQGL[$'HULYDWLRQRIWKHWKHUPDOVWUHVVHVIRUVSKHULFDO)*0SUHVVXUHYHVVHO










H H    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
)RUWKHVSKHULFDO)*0SUHVVXUHYHVVHOWKHFRQVWLWXWLYHHTXDWLRQDUHPRGLILHGDV
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A.1. For the mechanical stresses 
)RUWKHVSKHULFDOSUHVVXUHYHVVHOWKHFRQWUROHTXDWLRQFDQEHWUDQVIRUPHGDV
     r u ru v uE Ecc c       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
)RU(T$WKHFKDUDFWHULVWLFHTXDWLRQLV      z zE Q E     DQGLWVURRWVDUH
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A.2. For the thermal stresses 
)RUWKHVSKHULFDOSUHVVXUHYHVVHOWKHFRQWUROHTXDWLRQFDQEHWUDQVIRUPHGDV
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7KHFKDUDFWHULVWLFHTXDWLRQIRU(T$LV  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 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 z zE Q E     DQGLWVURRWVDUH
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